in meningiomas is unclear. In this study, we investigated the expression of BTSC markers in meningiomas.
█ INTRODUCTION
M eningioma, the most common type of primary benign tumor in the central nervous system, accounts for approximately one-third of all brain tumors (2) . Meningiomas are classified into the following World Health Organization (WHO) grades: benign (Grade I), atypical (Grade II) and malignant (Grade III) (21) . Grade I meningiomas are usually treated with surgery, which achieves good results. However, Grade II and Grade III meningiomas are more likely to behave aggressively and have higher recurrence rates (7, 33) . In most cancers, cancer stem cells (CSCs), a subpopulation of cancer cells that have the ability to self-renew and differentiate, may play critical roles in tumor initiation, progression and prognosis; in brain tumors, CSCs are also known as brain tumor stem cells (BTSCs), and BTSCs have been successfully isolated in many types of brain tumors and brain tumor cell lines (10, 11, 16, 20, 24) . However, whether BTSCs are present determining region Y (SRY)-box 2 (Sox2) were analyzed in all tissue samples using immunohistochemistry. This study was approved by the Research Ethics Committee of the Affiliated Hospital of Qinghai University. Written informed consent was obtained from the families.
Immunohistochemistry
Tissue sections were prepared using a previously described method to investigate the expression of the stem cell markers Nestin, CD133, and Sox2 (11) . Slides were incubated with anti-Nestin (Millipore, catalog number: ABD69, dilution 1:100), anti-CD133 (NOVUS, catalog number: NB120-16518, dilution 1:100) and anti-Sox2 (Millipore, catalog number: MAB4343, dilution 1:100) antibodies overnight at 4°C. After the slides were washed with phosphate-buffered saline (PBS), they were treated with PowerVision Two-Step Histostaining Reagent (Zhongshan Goldenbridge Biotechnology, catalog number: PV-9000) for 30 minutes at 37°C. The chromogen used to label positive reactions was 3,3'-diaminebenzidine tetrahydrochloride (DAB), which appears as a brown stain. Next, the slides were counterstained with Mayer's hematoxylin. Finally, the slides were covered with permanent mounting medium, and each section was photographed in 20 random fields at 400× magnification. CD133, Nestin, and Sox2 expression in meningioma sections was semi-quantitatively evaluated using Image-Pro Plus (Media Cybernetics, Silver Spring, MD) by measuring the integrated optical density (IOD) of the signal.
Statistical Analysis
Analysis was performed using SPSS 22.0 (SPSS, Inc., Chicago, IL, USA). The differences in Nestin, CD133 and Sox2 expression levels in the benign and non-benign groups were analyzed using Mann-Whitney test. A p value less than 0.05 was considered as statistically significant.
█ RESULTS
Tissues from 6 males and 29 females were examined (mean age=50.49 ± 11.55 years, range=22 to 70 years). Five tissues were atypical (Grade II, WHO), two were anaplastic (Grade III, WHO), and 28 were benign (Grade I, WHO). The 35 tissues were primary meningiomas that had not been previously treated. All atypical and anaplastic meningiomas were positive for Nestin and CD133, and 4 (57.12%) were positive for Sox2. Of the 28 benign meningiomas, 23 (82.14%) were positive for Nestin, 11 (39.29%) were positive for CD133, and none were positive for Sox2 (Table I) . Moreover, the mean IODs of Nestin and CD133 were significantly higher in the non-benign group than in the benign group (p=0.001) ( Figure 1A-F) .
█ DISCUSSION
Over the past few decades, numerous studies have documented the presence of CSCs in many types of brain tumors and tumor cell lines, including glioblastoma (GBM), medulloblastoma, ependymoma and both the C6 and 9L cell lines; CSCs are also known as BTSCs in brain tumors (10, 11, 16, 20, 24) . CSCs are a subpopulation of tumor cells that can self-renew and extensively proliferate, are pluripotent, and can initiate tumorigenesis; these properties may play critical roles in tumor initiation, progression and recurrence (16, 24) .
Meningiomas are the most common benign tumors in the central nervous system (2) . Based on their pathological characteristics, the majority of meningiomas are benign, although some are malignant. Benign meningiomas are often treated with good results, but recurrence is very common among most malignant meningiomas. Moreover, some benign meningiomas can recur even after total resection and excision of the dura and affected bone (9) . Therefore, we presume that meningioma tumor stem cells may be responsible for these events. According to recent reports, CSC-like cells may be present in meningiomas (13, 17, 30) . Traditionally, Nestin, CD133 and Sox2 are regarded as CSC markers, but they could also be considered specific markers for BTSCs (28) . In this study, we investigated the expression of Nestin, CD133 and Sox2 in meningiomas.
Nestin is a class six intermediate filament protein expressed in neural stem cells and BTSCs. Galani et al. investigated the expression of Nestin in 17 patients with meningiomas using qRT-PCR and found that Nestin was expressed at higher levels in atypical and anaplastic meningiomas than in benign meningiomas (9) . In the present study, all atypical and anaplastic meningiomas as well as the majority of benign meningiomas were positive for Nestin. However, Nestin was expressed at higher levels in non-benign meningiomas than in benign meningiomas, consistent with the results reported by Galani et al. However, Nestin expression is not a specific marker for BTSCs (12) ; thus, the identification of more markers is needed in the study.
Prominin-1 (PROM-1), also known as CD133, is a protein with several isoforms with unknown physiological or pathological function that is expressed in both the cytoplasm and at the cell surface (22, 32) . CSCs in gliomas were first isolated by Singh et al.; they showed that only CD133-positive glioma cells have the characteristics of self-renewal, extensive proliferation, pluripotency and tumorigenesis initiation (26) . According to Singh et al., 100 CD133+ cells are sufficient to initiate brain tumors in non-obese diabetic (NOD)/severe combined immunodeficient (SCID) mice, whereas 100,000 CD133- (30) . Therefore, CD133 is regarded as a specific marker of BTSCs in malignant brain tumors (26) . In the present study, all WHO Grade II and III meningiomas were positive for CD133, whereas only 11 benign meningiomas were positive for CD133. Moreover, CD133 was expressed at much higher levels in the non-benign tumor group, and the rate of CD133 positivity was significantly lower than the rate of Nestin positivity, suggesting that CD133 is a better CSC marker for meningioma than Nestin. However, some CD133-cells also have BTSC properties. Beier et al. showed that some CD133-cells isolated from GBM were also tumorigenic in T-lymphocyte-deficient NMRI (nu/nu) mice (4). Joo et al. demonstrated that CD133+ and CD133-cells purified from GBM could initiate GBM-like tumors in NOD/SCID mice (15) . Therefore, CD133 may not be a specific marker for BTSCs.
Sox2 is a transcription factor that plays a critical role in the maintenance of the self-renewal capability of neural stem cells, and its activity is associated with the maintenance of the undifferentiated state of CSCs in several tissues (1, 3, 8) . Ghods et al. demonstrated that 29.9% ± 3.8% of 9L glioma stem cells are Sox2 positive, whereas 9L glioma cells are Sox2 negative (11) . Several groups have detected increased Sox2 levels in biopsies from patients with GBM, and the highest levels are associated with a poor outcome (25) . Other researchers found that Sox2 is the most enriched gene among the stemness signature in CD133+ GBM cells. Overexpression of Sox2 consistently enhances stem cell potency in GBM cell lines, whereas knockdown of Sox2 dramatically reduces CD133 expression and eliminates tumor initiation ability and drug resistance in CD133+ GBM cells (27). Therefore, Sox2 plays a crucial role in regulating tumorigenicity in CD133+ GBM cells and is regarded as a functional marker for BTSCs (29) . In the present study, none of the benign meningiomas were positive for Sox2, and only 4 non-benign meningiomas were positive for this marker.
This study has several limitations. Although 35 cases of meningioma were included in our study, only 7 were WHO Grade II or III. Therefore, further investigations of larger numbers of meningioma cases are needed.
In the present study, none of the benign Meningiomas were positive for Sox2, and only 4 non-benign meningiomas were positive for this marker. The rate of Sox2 expression was significantly lower than the rates of CD133 and Nestin expression.
█ CONCLUSION
Nestin, CD133 and Sox2 expression levels may be correlated with the WHO pathological grade. Specifically, more aggressive meningiomas are characterized by higher positivity rates and higher levels of Nestin, CD133 and Sox2 expression in positive cells.
